Cyanide ion cocatalysis in Ti(salen) catalysed asymmetric cyanohydrin carbonate synthesis by Belokon YN et al.
Newcastle University e-prints  
Date deposited:  4th August  2010 
Version of file:  Author, final  
Peer Review Status: Peer -reviewed 
Citation for published item: 
Belokon YN, Ishibashi E, Nomura H, North M. Cyanide ion cocatalysis in 
Ti(salen) catalysed asymmetric cyanohydrin carbonate synthesis. Chemical 
Communications 2006,16 1775-1777. 
 
Further information on publisher website: 
http://www.rsc.org/ 
Publishers copyright statement: 
This paper originally was published by Royal Society of Chemistry, 2006 and can be accessed (with 
permissions) from the URL below: 
http://dx.doi.org/10.1039/b602156e 
Always use the definitive version when citing.  
Use Policy: 
The full-text may be used and/or reproduced and given to third parties in any format or medium, 
without prior permission or charge, for personal research or study, educational, or not for profit 
purposes provided that: 
• A full bibliographic reference is made to the original source 
• A link is made to the metadata record in Newcastle E-prints 
• The full text is not changed in any way. 
The full-text must not be sold in any format or medium without the formal permission of the 
copyright holders. 
 
 Robinson Library, University of Newcastle upon Tyne, Newcastle upon Tyne. 
NE1 7RU.   
Tel. 0191 222 6000 
CREATED USING THE RSC COMMUNICATION TEMPLATE (VER. 2.1) - SEE WWW.RSC.ORG/ELECTRONICFILES FOR DETAILS 
COMMUNICATION www.rsc.org/[journal] | [journal name] 
This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 
Cyanide Ion Cocatalysis in Ti(salen) Catalysed Asymmetric 
Cyanohydrin Carbonate Synthesis† 
Yuri N. Belokon,a Eisuke Ishibashi,b Hiroshi Nomura,c and Michael North*b 
Receipt/Acceptance Data [DO NOT ALTER/DELETE THIS TEXT] 
Publication data [DO NOT ALTER/DELETE THIS TEXT] 5 
DOI: 10.1039/b000000x [DO NOT ALTER/DELETE THIS TEXT] 
In the presence of potassium cyanide or the potassium cyanide / 
18-crown-6 complex as a cocatalyst, 1-2 mol% of titanium(salen) 
complex 1 catalyses the asymmetric addition of achiral 
cyanoformates to aldehydes, giving cyanohydrin carbonates with 10 
high enantiomeric excesses; and catalyses the diastereoselective 
addition of chiral cyanoformates derived from α-methylbenzyl 
alcohol to aldehydes, a reaction which exhibits double 
asymmetric induction. 
Over the last ten years, we have developed titanium(salen) complex 15 
1 as a highly effective catalyst for the asymmetric addition of a 
variety of cyanide sources to aldehydes, giving non-racemic 
cyanohydrin derivatives.1 In particular, catalyst 1 has been shown 
to be compatible with trimethylsilyl cyanide,2 ethyl 
cyanoformate,3,4 acetyl cyanide,4 and potassium cyanide.3,5 20 
Compared to other catalysts for asymmetric cyanohydrin 
synthesis,6 complex 1 has the advantages of being active at high 
substrate to catalyst ratios (up to 1000:1) and at ambient 
temperature.7 
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 Of the various reactions catalysed by complex 1, the asymmetric 
addition of ethyl cyanoformate to aldehydes (Scheme 1) is 
particularly attractive8 in view of the low cost of the reagents, the 30 
100% atom-economical nature of the reaction, the hydrolytic 
stability of cyanohydrin ethyl carbonates, and their significant 
synthetic potential; for example in palladium catalysed 
rearrangement processes.9 However, under the conditions 
previously reported by both us3 and others4 for this transformation, 35 
5 mol% of catalyst 1 is required to accomplish this transformation 
and this is not commercially viable. Therefore, we set out to 
develop reaction conditions under which this reaction could be 
achieved with high enantioselectivity, whilst using a lower amount 
of catalyst 1. In this paper we report the achievement of this goal 40 
and its application to the synthesis of a variety of cyanohydrin 
carbonates. 
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Scheme 1 Asymmetric synthesis of cyanohydrin carbonates. 45 
 
 Since potassium cyanide is known to be a catalyst for the 
racemic synthesis of various cyanohydrin derivatives,10 and catalyst 
1 is known to be compatible with the presence of potassium 
cyanide,5 we decided to investigate whether potassium cyanide (or 50 
an alternative cyanide source) could act as a cocatalyst in the 
asymmetric addition of cyanoformates to aldehydes catalysed by 
complex 1. 
 
Table 1. Influence of potassium cyanide on the synthesis of 55 
mandelonitrile ethyl carbonate 
entry 1 
(mol%) 
KCN 
(mol%) 
temp 
(oC) 
time 
(h) 
completion 
(%) 
ee (%)b 
1 1 0 25 90 5 89 (S) 
2 1 1 25 48 100 51 (S) 
3 1 10 25 48 98 68 (S) 
4 1 10 -40 19 87 81 (S) 
5 2 10 -40 26 100 95 (S) 
6a 5 0 -40 18 100 95 (S) 
7 1 10 -70 24 0  
a) result taken from reference 3 and using two equivalents of EtOCOCN. 
b) ee values were determined by chiral GC 
 
 Initial experiments were carried out in dichloromethane using 60 
benzaldehyde as the substrate, 1.2 equivalents of ethyl 
cyanoformate, and 1 mol% of catalyst 1. Results of this study are 
shown in Table 1. As entry 1 shows, in the absence of potassium 
cyanide, the reaction was extremely slow under these conditions, 
even at room temperature. However, addition of just 1 mol% of 65 
solid potassium cyanide to the reaction resulted in a significant rate 
increase as shown in entry 2, and increasing the amount of 
potassium cyanide to 10 mol% resulted in a significant increase in 
the enantioselectivity (entry 3). To further enhance the 
enantioselectivity, the reaction temperature was reduced to -40 oC; 70 
the temperature previously found to be optimal in the absence of 
potassium cyanide.3 As entry 4 shows, this did achieve the desired 
further increase in the enantioselectivity of the reaction, and by 
increasing the amount of catalyst 1 to 2mol% (entry 5), the reaction 
could be driven to completion in one day and the same 75 
enantioselectivity could be obtained as that reported previously 
using 5 mol% of catalyst 1 and two equivalents of ethyl 
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cyanoformate (entry 6).3 Finally, the effect of further reducing the 
reaction temperature was investigated. However, as entry 7 shows 
at -70 oC no reaction occurred under these conditions. 80 
 The optimal conditions for the addition of ethyl cyanoformate to 
aldehydes were taken as 24 hours at -40 oC, 1.2 equivalents of ethyl 
cyanoformate, 10 mol% of potassium cyanide and 1-2 mol% of 
catalyst 1. Under these conditions, the asymmetric synthesis of six 
other cyanohydrin ethyl carbonates was investigated, with optimal 85 
results being presented in Table 2, alongside the enantioselectivities 
obtained under our previously reported conditions3 for comparison. 
Electron rich and electron deficient aromatic aldehydes as well as 
α,β-unsaturated and aliphatic aldehydes were all found to be 
substrates under these conditions, and the enantioselectivities 90 
obtained by the two methods are comparable. Para-
trifluoromethylbenzaldehyde is a particularly reactive substrate,3 
and its cyanohydrin ethyl carbonate was also found to racemise on 
standing. Either of these factors could explain the lower 
enantioselectivity obtained with this substrate. The low chemical 95 
yield and enantioselectivity observed with pivaldehyde and to a 
lesser extent with cyclohexane carboxaldehyde may be due to the 
sterically hindered nature of these substrates reducing the rate of 
the catalysed reaction under these reaction conditions. Two ketones 
(acetophenone and heptan-2-one) were also investigated as 100 
substrates, but no reaction occurred even at room temperature using 
5 mol% of catalyst 1 and 10 mol% of potassium cyanide. 
 
Table 2. Potassium cyanide catalysed addition of ethyl cyanoformate to 
various aldehydes - RCHO 105 
R 1 (mol%) Yield (%) ee (%)b previous ee (%)a 
4-MeOC6H4 2 98 97 (S) 95 (S) 
4-(CF3)C6H4 1 100 69 (S) 76 (S) 
PhCH=CH 2 94 95 (S) 94 (S) 
CH3(CH2)7 2 90 79 (S) 84 (S) 
Cy 1 86 74 (S) 79 (S) 
Me3C 2 79 68 (S) 76 (S) 
a) results taken from reference 3. b) ee values were determined by chiral 
GC and are accurate to +/- 4% 
 
 The influence of the structure of the cyanoformate on the 
reactivity and enantioselectivity of the reaction was investigated by 110 
comparing the use of methyl cyanoformate,8,11 benzyl 
cyanoformate8 and tert-butyl cyanoformate12 with ethyl 
cyanoformate. These reactions were carried out using both 
benzaldehyde and pivaldehyde as substrates, and all were carried 
out using 2 mol% of catalyst 1, 5 mol% of potassium cyanide and 115 
1.2 equivalents of cyanoformate at -40 oC for 24 hours. 
Unfortunately, we were not able to find chromatography conditions 
under which either product obtained from benzyl cyanoformate, or 
the product obtained from benzaldehyde and tert-butyl 
cyanoformate could be separated. As shown in Table 3, where it 120 
could be determined, there was no significant change in the 
enantioselectivity between the various cyanoformates. Surprisingly 
however, the more sterically hindered cyanoformates (benzyl and 
tert-butyl) gave quantitative chemical yields with both 
benzaldehyde and pivaldehyde as substrate. 125 
 The compatibility of catalyst 1 with a wide range of 
cyanoformates allowed us to investigate a different approach to the 
synthesis of chiral cyanohydrin derivatives, namely 
diastereoselective cyanohydrin synthesis using a combination of 
catalyst 1 and a chiral cyanoformate. There are no previous reports 130 
of asymmetric cyanohydrin synthesis using chiral cyanide sources. 
Enantiomeric cyanoformates 2 and 3 derived from (S)- or (R)-1-
phenylethanol respectively were synthesized by the route 
previously reported for tert-butyl cyanoformate12 and outlined in 
Scheme 2. Reagents 2 and 3 were used in conjunction with (R,R)-1 135 
and 5 mol% of potassium cyanide to form the diastereomeric 
cyanohydrin carbonates 4a,b and 5a,b derived from benzaldehyde 
and pivaldehyde. Table 4 tabulates the diastereomeric ratios 
obtained for each of these reactions. 
 140 
Table 3. Influence of the cyanoformate 
substrate cyanoformate yield (%) ee (%)b 
PhCHO MeOCOCN 92 95 
PhCHO EtOCOCN 100 95 
PhCHO BnOCOCN 100 a 
PhCHO Me3COCOCN 100 a 
Me3CCHO MeOCOCN 85 62 
Me3CCHO EtOCOCN 79 68 
Me3CCHO BnOCOCN 100 a 
Me3CCHO Me3COCOCN 100 65 
a) could not be determined, but the product was optically active. b) ee 
values were determined by chiral GC 
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Scheme 2. Diastereomeric synthesis of cyanohydrin carbonates. 
 
Table 4. Diastereoselective synthesis of cyanohydrin carbonates 
aldehyde cyanoformate yield (%) diastereomeric ratioa 
PhCHO 2 66 18:1 (89% de) 
PhCHO 3 71 28:1 (93% de) 
Me3CCHO 2 74 3.6:1 (57% de) 
Me3CCHO 3 97 5.3:1 (68% de) 
a) diasteriomeric ratios were determined by 1H NMR spectroscopy. 
 150 
 For both aldehydes, the major product obtained using 
cyanoformate 2 was shown by NMR spectroscopy to be 
diastereomeric with the major product obtained from cyanoformate 
3. This indicates that it is the stereochemistry of catalyst 1 rather 
than the stereochemistry of the cyanoformate that is primarily 155 
responsible for determining the configuration of the products. Since 
the (R,R)-enantiomer of catalyst 1 has been shown to always induce 
the formation of the (S)-enantiomer of a cyanohydrin for a wide 
range of substrates and cyanide sources, the major diastereomer of 
compounds 4-5a,b is assumed to have the (S)-configuration at the 160 
newly created stereocentre. In both cases, a significantly higher 
diastereomeric ratio was observed using the combination of catalyst 
1 and cyanoformate 3 than was obtained from catalyst 1 and 
cyanoformate 2. Thus, the combination of 1 and 3 is a matched pair 
whilst 1 and 2 constitute a mismatched pair. The diastereomeric 165 
excesses obtained for the matched cases were almost identical to 
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the enantiomeric excesses obtained using ethyl cyanoformate under 
the same conditions (c.f. Table 1, entry 5 and the last entry in Table 
2). Control experiments demonstrated that in the absence of 
potassium cyanide and / or catalyst 1, no reaction occurred between 170 
benzaldehyde and cyanoformates 2 / 3, even at room temperature. 
 All of the above reactions employing solid potassium cyanide as 
a cocatalyst for reactions conducted in dichloromethane were 
carried out under heterogeneous reaction conditions. We felt that if 
the reaction could be made homogeneous then it may be possible to 175 
further reduce the amount of catalyst 1 and / or decrease the 
reaction time. However, an initial reaction carried out at room 
temperature using tetrabutylammonium cyanide (5 mol%) in place 
of potassium cyanide along with catalyst 1 (2 mol%) and ethyl 
cyanoformate (1.2 equivalents) was not encouraging since although 180 
the reaction had gone to completion after 24 hours, mandelonitrile 
ethyl carbonate was obtained with just 4% ee. 
 The 1:1 complex 6 formed from potassium cyanide and 18-
crown-6 is also known to be soluble in dichloromethane13,14 and 
this reagent did allow the synthesis of cyanohydrin ethyl carbonates 185 
under homogeneous conditions. Thus, in the presence of just 1 
mol% of complex 6 and 1.5 mol% of catalyst 1, a wide range of 
aldehydes were converted into the corresponding cyanohydrin ethyl 
carbonates3,9,15 in 24 hours at -40 oC as shown in Table 5. The 
results in Table 5 indicate that the enantioselectivities obtained 190 
using the  potassium cyanide / 18-crown-6 system are comparable 
with those obtained using 5 mol% of catalyst 1 or 2 mol% of 
catalyst 1 and 10 mol% of potassium cyanide. 
 Reactions carried out using less than 1.5mol% of catalyst 1, less 
than 1 mol% of complex 6, or at temperatures below -40 oC failed 195 
to produce any mandelonitrile ethyl carbonate. Use of 3 mol% of 
complex 6 in combination with catalyst 1 (1.0 mol%) did give 
mandelonitrile ethyl carbonate, but with just 17% ee, presumably 
due to a facile uncatalysed reaction in the presence of higher 
concentrations of soluble cyanide. 200 
 
Table 5. Potassium cyanide / 18-crown-6 induced synthesis of 
cyanohydrin ethyl carbonates 
R conversion (%) ee (%)b previous ee (%) 
Ph 100 91  95 
2-MeC6H4 100 97  
4-MeC6H4 100 99  94 
2-MeOC6H4 100 100  98 
3-MeOC6H4 100 97 99 
4-MeOC6H4 100 90  97 
2-ClC6H4 100 93  
4-ClC6H4 100 100  94 
PhCH=CH 100a 90 95 
MeCH=CH 100 93   
EtCH=CH 100 91  
MeCH=C(Me) 100a  89  
CH3(CH2)7 98 81  84 
Cy 100 78  79 
Me3C 100 71  76 
a) Reaction required 48 hours to go to completion. b) ee values were 
determined by chiral GC and are accurate to +/- 4% 205 
 
 In conclusion, we have shown that by use of potassium cyanide 
(either alone under heterogeneous conditions, or complexed to 18-
crown-6 under homogeneous conditions) as a cocatalyst, the 
synthetic utility of the asymmetric addition of cyanoformates to 210 
aldehydes catalyzed by complex 1 can be increased. We have also 
demonstrated the first cases of diastereoselective cyanohydrin 
synthesis using chiral cyanoformates and shown that the 
stereochemistry of these reactions is principally controlled by 
catalyst 1 rather than the cyanoformate. 215 
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Cyanide Ion Cocatalysis in Ti(salen) Catalysed Asymmetric Cyanohydrin Carbonate Synthesis 
 
Yuri N. Belokon, Eisuke Ishibashi, Hiroshi Nomura, and Michael North* 
Supporting Information 
 
1. Synthesis of cyanohydrin carbonates derived from achiral cyanoformates 
 
1.1 General experimental procedure for the synthesis of cyanohydrin carbonates using potassium 
cyanide:  
To a stirred solution of aldehyde (9.4 mmol) and catalyst 1 (229 mg, 0.2 mmol) in dichloromethane 
(25 ml) was added KCN (61 mg, 0.9 mmol). The mixture was cooled to -40 oC, then the 
cyanoformate (11.3 mmol) was added and the reaction stirred vigorously at -40 oC for 24 hours. The 
reaction was warmed to room temperature and passed through a plug of silica gel, eluting with 
dichloromethane. The solvent was removed in vacuo to give the product. Enantiomeric excesses 
were determined by chiral gas chromatography using the conditions reported earlier (Belokon, 
Y.N.; Blacker, J.; Carta, P.; Clutterbuck, L.A.; North, M. Tetrahedron, 2004, 60, 10433.) or given 
below for compounds not previously studied. 
 
1.2 General experimental procedure for the synthesis of cyanohydrin ethyl carbonates using 
potassium cyanide/18-crown-6 complex:  
KCN/18-crown-6 complex (6.6 mg, 0.02 mmol) and catalyst 1 (36 mg, 0.03 mmol) were dissolved 
in dichloromethane (5 ml). The solution was cooled to -40 oC, then aldehyde (2.0 mmol) and ethyl 
cyanoformate (0.24 ml, 2.4 mmol) were added. The resulting solution was allowed to stir for 24 
hours at -40 oC. The reaction was warmed to room temperature and passed through a plug of silica 
gel, eluting with dichloromethane. The solvent was removed in vacuo to give the product. 
Enantiomeric excesses were determined by chiral gas chromatography using the conditions reported 
S2 
earlier (Belokon, Y.N.; Blacker, J.; Carta, P.; Clutterbuck, L.A.; North, M. Tetrahedron, 2004, 60, 
10433.) or given below for compounds not previously studied. 
 
1.3 Characterizing data for cyanohydrin carbonates 
1.3.1 (S)-2-Hydroxy-2-phenylethanonitrile tert-butyl carbonate. 
O
OOPh
CN
CMe3
 
 [α]D20 -14.2 (c, 1.25 CHCl3) 
Other data as previously reported for the racemate (Thomas, H.G.; Greyn, H.D. Synthesis 1990, 
129-130). 
 
1.3.2 (S)-2-Hydroxy-3,3-dimethylbutanonitrile methyl carbonate. 
O
OO
Me
Me3C
CN
 
 [α]D20 -74.1 (c, 1.2 CHCl3) 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1 ml per minute; 70 oC for 2 minutes, then ramp rate of 0.1 oC per minute to a final temperature 
of 75 oC. Retention times: 35.4 and 36.7 minutes; ee 69%. 
Other data as previously reported for the racemate (Scholl, M.; Lim, C.-K.; Fu, G.C. J. Org. Chem. 
1995, 60, 6229-6231). 
 
1.3.3 (S)-2-Hydroxy-3,3-dimethylbutanonitrile benzyl carbonate. 
O
OOMe3C
CN
 
S3 
 [α]D20 -40.9 (c, 1.1 CHCl3) 
 
1.3.4 (S)-2-Hydroxy-3,3-dimethylbutanonitrile tert-butyl carbonate. 
O
OO
CMe3
Me3C
CN
 
 [α]D20 -55.3 (c, 1.1 CHCl3) 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1 ml per minute; 70 oC for 2 minutes, then ramp rate of 0.1 oC per minute to a final temperature 
of 80 oC. Retention times: 73.4 and 74.9 minutes; ee 69%. 
 
1.3.5 (S)-2-Hydroxy-2-(2-chlorophenyl)ethanonitrile ethyl carbonate. 
O
OO
CN
Me
Cl
 
 [α]D20 -10.1 (c, 1.05 CHCl3) 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1.6 ml per minute; 100 oC for 2 minutes, then ramp rate of 2 oC per minute to a final 
temperature of 200 oC. Retention times: 41.0 and 42.0 minutes; ee 93%. 
Other data as previously reported for the racemate (Buck, J.S. J. Am. Chem. Soc. 1933, 55, 2593-
2597). 
 
1.3.6 (S)-2-Hydroxy-(E)-pent-3-enonitrile ethyl carbonate. 
O
OO
CN
MeMe
 
 [α]D20 +6.6 (c, 1.0 CHCl3) 
S4 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1.6 ml per minute; 100 oC for 2 minutes, then ramp rate of 0.2 oC per minute to a final 
temperature of 110 oC. Retention times: 22.6 and 24.4 minutes; ee 93%. 
Other data as previously reported for the racemate (Deardorff, D.R.; Taniguchi, C.M.; Tafti, S.A.; 
Kim, H.Y.; Choi, S.Y.; Downey, K.J.; Nguyen, T.V. J. Org. Chem. 2001, 66, 7191-7194). 
 
1.3.7 (S)-2-Hydroxy-(E)-hex-3-enonitrile ethyl carbonate. 
O
OO
CN
Me
 
 [α]D20 +8.6 (c, 4.5 CHCl3) 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1.6 ml per minute; 100 oC for 2 minutes, then ramp rate of 0.2 oC per minute to a final 
temperature of 110 oC. Retention times: 36.2 and 37.4 minutes; ee 91%. 
Found (ES) 206.0789; C9H13NO3Na (M+Na)+ requires 206.0787. 
 
1.3.8 (S)-2-Hydroxy-3-methyl-(E)-pent-3-enonitrile ethyl carbonate. 
O
OO
CN
MeMe
Me
 
[α]D20 +7.7 (c, 1.8 CHCl3) 
GC conditions: γ-CD butyryl, fused silica capillary column (30m x 0.25 mm): carrier gas H2, flow 
rate 1.6 ml per minute; 100 oC for 2 minutes, then ramp rate of 0.2 oC per minute to a final 
temperature of 110 oC. Retention times: 32.2 and 33.6 minutes; ee 89%. 
 
 
 
S5 
2. Synthesis of chiral cyanoformates 2 and 3 
 
2.1 Ethyl (S or R)-1-phenylethyl oxalate 
O
O
O
O
Me
Ph
Me
 
A solution of (S or R)-1-phenylethanol (5.0g, 40.9 mmol) and pyridine (3.3 g, 41.8 mmol) in 
dichloromethane (18 ml) was cooled in an ice-bath and ethyloxalyl chloride (5.7 g, 41.7 mmol) was 
added with stirring over 1 hour. The reaction was stirred in the ice-bath for a further 4 hours, then 
overnight at room temperature. The reaction was washed with water (2 x 5 ml), dried (MgSO4), and 
evaporated in vacuo to leave the title compounds (9.0g, 97%) as colourless liquids. 
 [α]D20 -60.0 (c, 1.1 CHCl3) (S)-enantiomer 
[α]D20 +60.0 (c, 1.25 CHCl3) (R)-enantiomer 
 
2.2 (S or R)-1-Phenylethyl oxamide 
O
O
NH2
OPh
Me
 
To a solution of ethyl (S or R)-1-phenylethyl oxalate (9.0 g, 40.7 mmol) in ethanol (4.2 ml) was 
added 0.88 ammonia (2.8 ml) in 4-5 portions with stirring over 3-5 minutes. The resulting solution 
was allowed to stand at room temperature for 12 hours, then diluted with dichloromethane (80 ml). 
The organic layer was separated and the aqueous layer extracted with dichloromethane (25 ml). The 
combined organic phases were washed with water (2 x 25 ml), dried (MgSO4) and evaporated in 
vacuo to leave an oil which solidified on cooling. The solid was recrystallized by suspension in 
toluene (24 ml), filtration, and addition of 60-90 petroleum ether (24 ml) to the toluene solution. 
The title compounds precipitated (2.9-3.5 g, 37-45%) as white solids. 
S6 
Mp 89.5-90.5 oC 
[α]D20 -109.3 (c, 0.45 CHCl3) (S)-enantiomer 
[α]D20 +109.1 (c, 0.5 CHCl3) (R)-enantiomer 
 
2.3 (S or R)-1-Phenylethyl cyanoformate 2 or 3 
O
CNOPh
Me
 
To a stirred mixture of (S or R)-1-Phenylethyl oxamide (2.9 g, 15.0 mmol) and pyridine (4.6 g, 57.8 
mmol) in dichloromethane (27 ml), in an ice-bath, trifluoroacetic anhydride (3.8 g, 17.9 mmol) was 
added dropwise over 10 minutes. The ice-bath was removed and the thick reaction mixture was 
allowed to stir at room temperature for 2 hours. Water (58 ml) was added, the organic layer was 
separated, washed with water (43 ml), and the aqueous layer extracted with dichloromethane (2 x 
30 ml). The combined dichloromethane layers were again washed with water (50 ml), dried 
(MgSO4) and evaporated in vacuo. The residue was purified by bulb to bulb distillation (120-170 oC 
at 150 mmHg) to give compounds 2 or 3 (1.9-2.0 g, 71-75%) as colourless oils. 
[α]D20 -95.6 (c, 1.35 CHCl3) (S)-enantiomer: 2 
[α]D20 +95.6 (c, 1.65 CHCl3) (R)-enantiomer: 3 
 
3. Synthesis of diastereomeric cyanohydrin carbonates derived from cyanoformates 2 and 3 
 
3.1 General procedure for the synthesis of diastereomeric cyanohydrin carbonates derived from 
cyanoformates 2 and 3 
To a stirred solution of aldehyde (2.4 mmol) and catalyst 1 (57.8 mg, 0.05 mmol) in 
dichloromethane (6 ml) was added KCN (7.7 mg, 0.1 mmol). The mixture was cooled to -40 oC, 
then (S or R)-1-phenylethyl cyanoformate 2 or 3 (0.5 g, 2.9 mmol) was added and the reaction 
stirred vigorously at -40 oC for 24 hours. The reaction was warmed to room temperature and passed 
S7 
through a plug of silica gel, eluting with dichloromethane. The solvent was removed in vacuo to 
give the product. 
 
3.2 Characterizing data for the diastereomeric cyanohydrins derived from benzaldehyde and 
cyanoformate 2 
O
OOPh
CN
Ph
Me O
OOPh
CN
Ph
Me
+
major minor
 
δH (CDCl3, major diastereomer) 1.52 (3H, d J 6.5Hz, CH3CH), 5.70 (1H, q J 6.5Hz, OCHMe), 6.10 
(1H, s, OCHCN), 7.2-7.8 (10H, m, ArCH); (visible resonance for minor diastereomer) 6.15 (1H, s, 
OCHCN). Ratio of major : minor diastereomer = 18:1 which corresponds to 89% de. 
 
3.3 Characterizing data for the diastereomeric cyanohydrins derived from benzaldehyde and 
cyanoformate 3 
O
OOPh
CN
Ph
Me O
OOPh
CN
Ph
Me
+
major minor
 
δH (CDCl3, major diastereomer) 1.51 (3H, d J 6.8Hz, CH3CH), 5.68 (1H, q J 6.8Hz, OCHMe), 6.15 
(1H, s, OCHCN), 7.2-7.8 (10H, m, ArCH); (visible resonance for minor diastereomer) 6.10 (1H, s, 
OCHCN). Ratio of major : minor diastereomer = 28:1 which corresponds to 93% de. 
 
3.4 Characterizing data for the diastereomeric cyanohydrins derived from pivaldehyde and 
cyanoformate 2 
O
OOMe3C
CN
Ph
Me O
OOMe3C
CN
Ph
Me
+
major minor
 
S8 
δH (CDCl3, major diastereomer) 1.10 (9H, s, (CH3)3), 1.65 (3H, d J 6.6Hz, CH3CH), 4.89 (1H, s, 
OCHCN), 5.79 (1H, q J 6.6Hz, OCHMe), 7.3-7.5 (5H, m, ArCH); (visible resonance for minor 
diastereomer) 1.13 (9H, s, (CH3)3), 4.95 (1H, s, OCHCN). Ratio of major : minor diastereomer = 
3.6:1 which corresponds to 57% de. 
 
3.5 Characterizing data for the diastereomeric cyanohydrins derived from pivaldehyde and 
cyanoformate 3 
O
OOMe3C
CN
Ph
Me O
OOMe3C
CN
Ph
Me
+
major minor
 
δH (CDCl3, major diastereomer) 1.13 (9H, s, (CH3)3), 1.66 (3H, d J 6.6Hz, CH3CH), 4.95 (1H, s, 
OCHCN), 5.79 (1H, q J 6.6Hz, OCHMe), 7.3-7.5 (5H, m, ArCH); (visible resonances for minor 
diastereomer) 1.10 (9H, s, (CH3)3), 4.89 (1H, s, OCHCN). Ratio of major : minor diastereomer = 
5.3:1 which corresponds to 68% de. 
